Virtual reality technology has great potential for development and application space. On the one hand, this paper makes use of the data of Derwent Patent Database to carry out statistical analysis of the information, and analyzes the basic situation of the patent of virtual reality technology. On the other hand, this paper uses the Citespace software to analyze and process the retrieval records, and then obtains the relation of intermediary center, frequency of occurrence, burst term and other related data. According to these data, it analyzes and forecasts the core technologies, cutting-edge and hot technologies of virtual reality, which makes the future development of virtual reality technology more clear. At the same time, combined with the current development of virtual reality, this paper makes recommendations for the future development of China's virtual reality technology to promote the development of virtual reality industry in China.
Introduction
In the 1980s, Jaron Lanier, the founder of VPL Research Company of the United States, put forward the Virtual Reality (VR) for the first time [1] . After that, with the rapid of development of computer technology, virtual reality gained a good basis whether in hardware or software. The development of its technology becomes more and more mature, and its applications become more and more extensive. Since Oculus and other virtual reality teams significantly breakthrough Engineering VR technologies, a new round of VR craze has been set off globally. Once again, Virtual Reality has become one of the hot topics. In 2014, the move that Facebook acquired Oculus for $2 billion and the continuous improvement of VR technology have made the public increasingly look forward to the fantastic future of virtual reality.
Virtual Reality, in simple terms, means giving users an immersive experience with hardware such as head-mounted devices and specially crafted virtual reality content. It has three important features (often called 3I features), namely Imagination, Interactivity and Immersion [2] [3], all of which emphasize people's leading role in the virtual system. In other words, human feelings are most important in the virtual reality system. As early as the 1980s, virtual reality has been applied to national defense, military and aerospace and other state-level plans. With the gradual development of virtual reality technology, virtual reality has gradually entered all aspects of people's lives [4] . Among them, virtual reality is mostly applied in the field of games, and then gradually extends to other fields of application such as real estate, healthcare, live events, educational training and so on. All countries have introduced relevant policies one after another. In addition to focusing on the virtual reality industry, these policies point out that they should not only strengthen the application of virtual reality in medical, cultural and entertainment fields, but also achieve technological breakthroughs in the fields of image, interaction and data transmission [5] . However, related technologies in the field of virtual reality, such as near-eye display, technologies of perceptual interaction, communication and transmission, content production and so on, are not yet mature. Currently, they are still in the stage of tackling key technical problems and restricting the development of virtual reality industry [6] . Virtual reality is regarded as one of the most potential development disciplines in the 21st century which has become one of the focuses of global attention.
Therefore, capturing the key core technologies of virtual reality is particularly crucial for promoting the development of the virtual reality industry. Our research analyzes the patent of virtual reality technology, and then analyzes the development and layout of global virtual reality technology. Furthermore, we identify the key, hot and cutting-edge virtual reality technology to predict the future development trend of virtual reality, so as to guide the technological development and strategic layout of virtual reality in China more accurately, which can help us seize the high ground of technology.
Data Sources and Analytical Methods

Data Sources
The data of our study are based on the Derwent Innovations Index (DII). DII is 293 Engineering agencies, 10 million basic invention patents and 30 million patents worldwide, DII now is one of the most comprehensive databases in the world for international patent information [7] . Based on more than 5000 rules, hundreds of professionally trained experts in various fields standardize, standardize and correct over 6000 pieces of data in the database weekly, which makes the data highly authoritative and reliable.
In the existing literature on patent analysis of virtual reality technology, except for the keywords, most of retrieval formulas contain Derwent manual code that is proprietary to the virtual reality technology, which makes the final result difficult to guarantee the validity of future predictions. Therefore, our study uses TS = ("virtual reality*" or "VR*" or "virtual reality technology*" or "virtual reality technique*" or "virtual reality system*" or "VR system*") as search formula. And then we downloaded 24,703 technical patents related to the topic of virtual reality from the year 1994 to the download date on September 15, 2017.
Each patent covers the title of the patent, the patent number, the patentee, Derwent manual code, abstract and other information which are used for later analysis. 
Analytical Methods
Basic Situation of Virtual Reality Patent Distribution
General Trend Analysis of Patent Applications
From the perspective of the development trend of global virtual reality patent (as shown in Figure 1 ), since 1994, the number of virtual reality patent applications has generally been the upward trend overall. Especially after VR technologies being broken by some innovation teams of virtual reality such as Oculus in 2012, a new round of VR craze has been set off worldwide, and the number of patent applications for virtual reality technology has an explosive growth. It's easy to find that the number of applications in 2016 is nearly double that of 2015. In view of this, global virtual reality technology research and development heat is increasing and entering a period of rapid development. Virtual reality has gradually become one of the world's focuses.
Global Layout
From the perspective of the global layout of virtual reality patents (as shown in Figure 2 ), the patents of virtual reality technology are mainly concentrated in five major countries or regions, namely the United States, China, Japan, South
Korea and the European Patent Office. The total number of U.S. virtual reality technology patent applications was as high as 10,295, ranking the first place.
Ranked second in China and the third in Japan are two times as many as the total number of applications in South Korea and the EU, which shows that the research and development strength of virtual reality technology is dominated by the United States, Japan, and China. From the perspective of the trends of patent applications in major countries (as shown in Figure 3 ), before 2006, the United States and Japan were leaders in virtual reality technology and their R & D capabilities were almost equal. The development in South Korea and Europe was more synchronized and their pace was moderate. In China, the development of virtual reality technology started late. From 1994 to 2006, the total number of patent applications was only 750, less than 20% of that of the United States in the same period. Its research and development strength far outweighed that of the United States and Japan and lagged behind that of South Korea and the EU. After 2006, the U.S. virtual reality technology was still growing in a good and stable manner with strong research and development capabilities. However, the number of patents in Japan has been gradually declining. Both Korea and Europe maintained a steady pace of development. In China, The pace of virtual reality technology has gradually accelerated. By 2014, it even achieved a blowout growth. Since then, the number of annual patent applications of surpassed that of other countries. China has become the country with the most rapid development of virtual reality technology. Obviously, its research and development strength is constantly increasing.
Patentee
According to the top ten patentees of virtual reality technology applications (as shown in Table 1 ), we can summarize the following three major characteristics.
First of all, virtual reality has been valued by enterprises. Enterprises become the leading force for innovation. It's not difficult to find that the top ten patent applications are all enterprises. We can learn that on the one hand, the virtual reality technology has a high industrial value and is highly valued by enterprises. On the other hand, enterprises have now become the dominant force in the innovation and development of virtual reality technology. Secondly, Japan's research Through software analyzing and proper revising, the virtual reality technology patent co-word network map is obtained (as shown in Figure 4 ). Each node in the graph represents a category of technology (in Derwent manual code). The larger the perimeter of each node means that the more number of patents associated with it during the analysis period. It can be found that in the co-word network map, the most frequently occurring patents in the past two decades are the virtual reality systems (T01-J40), video (W04-W07E1), required software products (T01-S03).
Core Technology Analysis
Core technology refers to the technology that plays the most crucial role in market competition in one industry [10] . In the co-word network, it is generally used the index named Betweeness Centrality to measure the importance of a node in the network [11] . The stronger the centrality, the more information flows of the patent represented by the node. It means that the patent is of great importance, and that will be the core one that we want. Therefore, we use the Betweeness Centrality to filter out the core technologies in the field of virtual reality, as shown in Table 2 .
As can be seen from are four attributable to the data processing system (T01-J), which means that data processing technology is one of the core technologies of virtual reality.
Thirdly, the technology of portable handheld devices is also crucial to the development of virtual reality industry. Currently, most of the products related to virtual reality appear on the market in the form of hardware devices. Virtual reality application without devices still needs time to be achieved.
Cutting-Edge and Hot Technology Identification
Cutting-edge technology refers to the most advanced, the most worthwhile of Teng Yalin [13] used the word frequency, the burst value and whether the burst period is close to the current period to determine the cutting-edge technology supply chain management research both here and abroad.
Therefore, based on the previous researches, our paper uses three indicators, namely burst strength, whether the burst period is close to the current period and the frequency of the manual code, to judge, identify and select the forefront and hot technologies of the virtual reality from 2007 to 2017. Using CiteSpace V software, we can draw a co-word network map of virtual reality patents from 2007 to 2017 (as shown in Figure 5) . We also can statistically analyze the top 10 virtual reality patents which occur frequently (as shown in Table 3 ), as well as the top 10 technologies with highest burst strength (as shown in Table 4 ).
Among the three indicators, if the technology meets the two of these indicators, it will be called the relative frontier and hot area. We should focus in the future.
If the technology meets all three indicators, it is called the absolute frontier and hot area. We should focus on the layout of the field in the future. We hope that through effectively identifying the frontier and hot technologies of virtual reality, which will be conducive to the deployment of virtual reality technologies by universities, enterprises and research and development institutions in our country and then to gain competitive advantage in our country in advance.
It can be seen from Figure 5 , Table 3 and Table 4 video, games, sports supporting. Equipment hardware are mainly in the research of virtual reality hardware system, location identification, storage power, low-power systems and portable handheld devices. Among them, the video (W04-W07E1) is not only frequent, but with high burst strength. Besides, its burst period is the closest to the current period, so it is the absolute frontiers and hot areas of the field of virtual reality. We should focus on the layout of the video field in the future. It can be found that the core technology of virtual reality in the past 20 years and the frontier and hot technology in the past 10 years are quite similar. This shows that the global virtual reality enterprise has realized the importance of the relevant core technology and gradually strengthened the research and development strength in that field, in order to gain the market competitiveness more quickly. In recent years, giants and hardware manufacturers such as Apple Inc., Microsoft, Twitter and other major Internet companies in the world have all stepped up the research and development of virtual reality technologies to increase the layout in the field of virtual reality. They are mainly distributed in the fields of video, games, movies and theme parks [14] [15] . China should also step up its pace of development, seize the opportunity of virtual reality development and speed up its layout in the frontier and hot areas.
Research Conclusions & Suggestions on the Development of Virtual Reality in China
According to the above patent analysis, we found that the current technology related to video games is the core technology in the virtual reality industry. Besides, in video games, virtual reality has the best development and the most mature technologies. Data processing, portable handheld device technology is the core technology of virtual reality. Video, virtual reality systems, handheld devices, storage power are frontier and hot areas in the field of virtual reality. It is also an area where colleges and universities, research institutes and enterprises should lay stress on the layout in the future. With the introduction of Oculus Rift, HTC Vive and so on, the virtual reality industry will usher in a period of rapid development. Various forecasts show that the global VR market will burst Engineering with a large-scale in the next 3 to 10 years. China should seize the opportunity to speed up the layout of the field of virtual reality. In this regard, combined with the above conclusion and the current status of the development of virtual reality, our paper proposes three suggestions to promote the development of and reach consensus on the creation of virtual reality hot fields such as games and video and the cultivation of corresponding talents. In addition, relevant mechanisms should be set up by using continuing education of relevant virtual reality industry associations so as to achieve the upgrading of practitioners' skills and keep up with the pace of the virtual reality era. Companies should also take on the important task of personnel training and construct a vocational training system to create higher-level personnel. Thirdly, the technical standard system should be established and improved to regulate the development of the industry. Since January 2016, the National Bureau of Standards and Technology has focused on planning standards for the virtual reality industry, which will help unify major hardware formats appearing on the market currently and accelerate the launch of relevant supporting content. In the White Paper released in April 2016, it is also clear that the lack of standards in industries is an important factor that hinders its development. In 303 Engineering system, and increase investment in the standardization of virtual reality technology to support the large-scale application and development of the industry.
Shortcomings and Prospects
The current research is still limited. First of all, the keywords of the current research did not include all the related words of the virtual reality, and only included the categories of "virtual reality", "virtual reality system" and "virtual reality technology". Secondly, data we used was the number of patent applications, rather than the number of patent disclosure. Not only the number of patent had deviations, the quality of patents also had an impact. Finally, due to the lag time of 18 months from the filing date to the publication date and the collection and entry delay of the data in the patent database, the time lag exists. So that there may be some errors in the results. Further studied should be verified.
In the future, the prediction of the development trend of virtual reality technology may still be combined with other methods and tools, such as the activity index of different technology types and the patent portfolio analysis method, which can make the prediction of the result more accurate and reliable.
